Five peptides derived from pro-corticotropin/endorphin (pro-ACTH/endorphin), the pituitary corticotroph cell rohormone, were bioassayed with isolated.rat adrenocortica cells: a-and fl-melanotropin, P-lipotropin, P-endorphin, and the amino-terminal region of pro-ACTH/ endo hin known as "16k fragment." The effect of each on steroidogenesis was measured at tentially physiological concentrations (0.01-1 nM) in both the absence and presence of varying concentrations of Corticotropin (ACTH) is initially synthesized in the rat pituitary as a pro-ACTH/endorphin precursor (1-4). This glycoprotein prohormone also contains the amino acid sequences for (3-lipotropin (f3-LPH) and for a third region at the amino-terminal end of the molecule, which has been designated "16k fragment" in the literature (1, 5, 6) . Herein, we shall use the term "16k fragment" to mean the amino-terminal region of pro-ACTH/endorphin that precedes the ACTH sequence and has an apparent molecular weight of tu16,000 by sodium dodecyl sulfate/polyacrylamide gel electrophoresis. Trypsin-like proteolytic cleavage at pairs of basic amino acid residues within the prohormone structure apparently generates these three pro-ACTH/endorphin products. In turn, ACTH and f3-LPH contain the sequences for a group of smaller peptides, including a-melanotropin (a-MSH), f3-melanotropin (f3-MSH), and ,B-endorphin. No physiological role for many of the pro-ACTH/endorphin derivatives, including 16k fragment, has been identified.
with trypsin for 30 sec dramatically increases this dose-dependent synergism. Experiments performed in vivo with hypophysectomized female rats indicate that the trypsin digest of 16k fragment stimulates cholesterol ester hydrolase (cholesterol esterase; sterol-ester acylhydrolase, EC 3.1.1.13) activity in the adrenal cortex but fails to activate cholesterol side-chain cleavage. The effect of the trypsinized material can therefore be qualitatively distinguished from that of ACTH-1-24) When both ACTH. and the digest are administered together, a synergistic increase in serum corticosterone concentration results. We propose that a portion of 16k fragment molecule may play a hormonal role in the control of adrenocortical steroidogenesis.
Corticotropin (ACTH) is initially synthesized in the rat pituitary as a pro-ACTH/endorphin precursor (1) (2) (3) (4) . This glycoprotein prohormone also contains the amino acid sequences for (3-li- potropin (f3-LPH) and for a third region at the amino-terminal end of the molecule, which has been designated "16k fragment" in the literature (1, 5, 6) . Herein, we shall use the term "16k fragment" to mean the amino-terminal region of pro-ACTH/endorphin that precedes the ACTH sequence and has an apparent molecular weight of tu16,000 by sodium dodecyl sulfate/polyacrylamide gel electrophoresis. Trypsin-like proteolytic cleavage at pairs of basic amino acid residues within the prohormone structure apparently generates these three pro-ACTH/endorphin products. In turn, ACTH and f3-LPH contain the sequences for a group of smaller peptides, including a-melanotropin (a-MSH), f3-melanotropin (f3-MSH), and ,B-endorphin. No physiological role for many of the pro-ACTH/endorphin derivatives, including 16k fragment, has been identified.
Stimulated by our previous observation that a corticotroph peptide other than ACTH may account for stress-induced activation of cholesterol ester hydrolase (cholesterol esterase; sterol-ester acylhydrolase, EC 3.1.1.13) activity in the rat adrenal cortex (7), we have investigated the effect of various peptides derived from pro-ACTH/endorphin on adrenal steroidogenesis. We report here that trypsin treatment of low concentrations of 16k fragment in vitro generates a peptide(s) that is capable of substantially augmenting the stimulation of corticosterone production by ACTH-(1-24) both in isolated rat adrenocortical cells and in vivo and of increasing adrenocortical cholesterol ester hydrolase activity independently of ACTH.
METHODS AND MATERIALS
Isolation and Incubation of Adrenocortical Cells. Isolated rat adrenocortical cells were prepared by a modification of the method of Ramachandran and Suyama (8) . Female rat adrenals were enucleated in situ and the inner zones were minced and washed with medium 199 (GIBCO). Tissue dispersion by repeated passage through a plastic pipet tip was carried out at 37°C in a mixture of medium 199, Earle's salts, 25 mM Hepes (pH 7.4), 4 mg of collagenase I per ml (Worthington), 25 ,tg of DNAse I per ml (Sigma), and an adjusted Ca2+ concentration of 2.55 mM (9) . After dispersion and washing, the cells were resuspended in medium 199/Hepes containing 1 mg of lima bean trypsin inhibitor per ml (Sigma) and preincubated for 30 min at 37°C. Cells were counted with a hemacytometer and viability was determined by using trypan blue.
Peptide(s) was introduced into 12 X 75 mm polystyrene tubes in 20 ,l of neutralized peptide diluent, followed by 0.20-ml aliquots of cell resuspension (2-5 X 104 cells). Incubations were carried out for 2 hr at 370C under a 95% 02/5% CO2 atmosphere and then terminated by taking each incubate into 1.8 ml of petroleum ether/H20, 5:4 (vol/vol), to commence corticosterone determination. A complete ACTH-(1-24) (Cortrosyn; Organon) dose-response curve was generated with each experiment. The maximal corticosterone output in response to ACTH-(1-24) was calculated according to the nonlinear regression method of Seelig et al. (10) . Half-maximal stimulation was routinely achieved with 0.03-0.05 nM ACTH- . Basal corticosterone production in control incubations containing only cells and peptide diluent was usually 2-5% of maximal and was subtracted from all experimental values. Peptide Preparation. Corticotroph peptides were prepared to appropriate concentrations with an aqueous diluent (pH 2.3) containing 1 mg of bovine serum albumin per ml (crystallized; Sigma A-7638) and 9 mg of NaCl per ml. Albumin was pretreated with phenylmethylsulfonyl fluoride (11) and then dialyzed extensively against saline. a-MSH (synthetic), ,Bp-MSH (synthetic), and f3-endorphin (purified by high-performance liquid chromatography) were from Peninsula Laboratories (Belmont, CA). Highly purified fo-LPH was a gift from D.
Krieger. 16k fragment, prepared as described (12) (14).
Enzyme Assays. The assay for cholesterol ester hydrolase activity was performed by a modification (7) of the double isotope method of Pittman et al. (15) on 0.20-ml aliquots of the 105,000 X g supernatant fraction derived from the pooled adrenals of each experimental group. Cholesterol side-chain cleavage activity was assayed as the amount of pregnenolone formed from endogenous cholesterol in isolated mitochondria after provision with a source of reducing equivalents (14) . Incubations were performed with pooled tissue from each group, and pregnenolone was then measured in methylene chloride extracts by radioimmunoassay (16) . Protein determinations were by the method of Bradford (17) any significant steroidogenic effect on this system over a range of concentrations (0.01-1 nM) that could be considered potentially physiological. Furthermore, although none of the peptides in this class was capable of enhancing the effect of ACTH, three of them-a-MSH, 3-MSH, and f-LPH-appeared to diminish the cell response to a maximal dose (1 nM) of ACTH. ,B-Endorphin did not exhibit this behavior.
In contrast, >0. 1 nM 16k fragment appeared to be slightly but significantly (P < 0.01) steroidogenic both before and after treatment with trypsin. The ACTH contamination of the preparation (<0.2% on a molar basis) may account for at least a part of this effect, particularly at the 1 nM dose level. ACTH (0.01 nM) and intact 16k fragment (0.01-1 nM) together produced a response that was approximately additive. However, a highly significant synergism was apparent when 16k fragment was first treated with trypsin for 30 sec and then tested with 0.01 nM ACTH (Table 1 ; Fig. 1 ). Corticosterone production was increased from 20% of maximum (ACTH alone) to 34% (0.01 nM trypsin-treated 16k fragment) or 41% (1 nM trypsin-treated 16k fragment) (P < 0.001 for both).
In preliminary experiments, we found that a 30-sec reaction time for trypsin with 16k fragment produces a preparation of optimal synergistic potency (data not shown). All work reported here was therefore conducted in accordance with this observation. The synergistic behavior of 16k fragment after trypsin treatment was dose-dependent (Fig. 2) , was nearly linear with time for at least 2 hr after an initial, unexplained burst (Fig. 3) , and was also observed when cells were dispersed with trypsin rather than with collagenase (data not shown). Trypsin treatment of flo-LPH did not reproduce the results we obtained with trypsin-treated 16k fragment (Table 1) .
Adrenocortical Response to 16k Fragment in Vivo. hypophysectomized female rats received 5 ng of 16k fragment (either intact or trypsin-treated), a stated dose of ACTH-(1-24), or both. Injections were given intravenously and controls received only vehicle. Adrenocortical response was monitored at 7 min post-injection by measuring serum corticosterone levels, cholesterol ester hydrolase activity, and cholesterol side-chain cleavage activity. Intact 16k fragment had no effect on any of the three variables when used alone (group B). But with prior trypsin treatment, a proteolytic product(s) of 16k fragment (group C) increased hydrolase activity to 130% of the control value (group A). Conversely, ACTH-(1-24) alone had no effect on hydrolase activity at either dose tested (group D, 1 ng; group G, 10 ng), although it did appropriately increase cholesterol side-chain cleavage activity and serum corticoste- rone concentration. When ACTH and intact 16k fragment were administered together (group E), there was a slight but nonsignificant increase in serum corticosterone over that achieved with ACTH alone (group D). However, ACTH and trypsin-treated 16k fragment together (groups F and H) significantly increased corticosterone levels (P < 0.01) compared with their corresponding ACTH groups (D and G) and substantially increased both enzyme activities.
DISCUSSION
The hydrolysis of stored adrenocortical cholesterol esters by cholesterol ester hydrolase provides substrate for steroid biosynthesis from one of several precursor pools. We have previously reported that the administration of ACTH to hypophysectomized rats does not reproduce stress-induced activation of hydrolase in the adrenal cortex (7) . This stress effect on hydrolase activity requires the presence of the pituitary and is absent after dexamethasone suppression (7), suggesting the possible involvement in adrenocortical control of some corticotroph hormone in addition to ACTH. Furthermore, rat whole pituitary homogenate contains several fractions that significantly stimulate cholesterol ester hydrolase activity when each is reinjected into the donor animal. * One such fraction of apparent molecular weight 11,400 contains no detectable immunoreactive ACTH and loses its potency upon digestion with Pronase. Other workers have previously suggested that some additional pituitary peptide may alter the response of the inner zones of the adult adrenal cortex to ACTH (20, 21) .
A direction in our search for another corticotropic factor was provided by recent evidence (1-6, 22, 23) that a major translation product of the pituitary corticotroph is a prohormone. This molecule, designated pro-ACTH/endorphin, contains the sequences within its structure for ACTH, f3-LPH, and an amino-terminal region (16k fragment). On the premise that a physiologically important second peptide might manifest itself as a synergistic stimulator of corticosterone secretion in the presence of ACTH, each of several pro-ACTH/endorphin products was first tested for its corticosteroidogenic potency on isolated rat adrenal cells. The results suggest that none of these peptides is a good inner zone steroidogenic agonist at physiological levels (Table 1) . This agrees with recent data 20 -to 24-hr hypophysectomized Sprague-Dawley females, 160-180 g, and were killed by decapitation 7 min after intravenous injection. Peptides were given in 0.2 ml of neutralized peptide diluent; controls received vehicle only. Corticosterone was assayed in individual serum samples in duplicate and differences between group means were compared by using one-way analysis of variance. Enzyme activities were measured in triplicate on pooled tissue from each group and results from one to three experiments are shown. * nmol of product formed per min/mg of protein. t P < 0.01 for group F vs. groups C, D, and E and for H vs. C and G.
concerning f3-LPH and 16k fragment (13) and with earlier reports on a-MSH (24, 25) and /3-MSH (25) . Both melanotropins act as full agonists on isolated rat adrenal cells, but only at much higher concentrations. Similarly, a partial agonism by fl-endorphin on the corticosterone production of isolated rat adrenal cells has been described (26) , but the concentrations required (ED5o = 40 nM) were somewhat higher than those employed in this study.
A second finding is the marked synergism with ACTH-(1-24) on isolated cell corticosteroidogenesis by a tryptic product (or products) of 16k fragment. The rationale for trypsinization was suggested by knowledge that bovine 16k fragment contains three internal pairs of basic residues (6), providing the potential for trypsin-like proteolytic processing in vwo. Indeed, the increased potency of 16k fragment after brief trypsin treatment indicates the presence of a more biologically active peptide within the parent structure. Synergism occurs in a dose-dependent manner for both the 16k fragment digest and ACTH ( Figs. 1 and 2) .
We have considered the possibility that a tryptic derivative of 16k fragment might be acting as an inhibitor or competitive substrate for some protease in the incubations, thereby slowing a loss of ACTH. bioactivity. This seems unlikely for several reasons. First, the results presented in Fig. 1 were obtained with trypsin-as well as collagenase-dispersed cells. Commercially prepared trypsin is available in a more highly purified form than is collagenase, and the addition of lima bean trypsin inhibitor to the cells after preparation effectively inhibits further trypsin activity. Second, if the tryptic product of 16k fragment were preventing ACTH proteolysis, a time-dependent fall in the rate of ACTH-stimulated corticosterone production should be observed in its absence. However, corticosterone output is linear for at least 2 hr in the presence of submaximal concentrations of ACTH both alone and together with 16k fragment (Fig. 3) . Others have also observed that ACTH degradation is minimal when care is taken to avoid cell disruption after dispersion and to incubate cells at low concentration (27) (28) (29) .
It is also unlikely that the synergistic effect of trypsinized 16k fragment reflects an artifact arising from some aspect of its preparation. Control incubations (ACTH plus peptide diluent treated with trypsin) produce no more corticosterone than do incubations with ACTH alone, nor does trypsin-treated 1,3-LPH reproduce the effect of trypsin-treated 16k fragment (Table  1) . Moreover, the amount of endogenous immunoreactive ACTH impurity present in the 16k fragment preparation (<0.2% on a molar basis), although potentially capable of producing the slight apparent synergism observed between 0.01 nM ACTH and intact 16k fragment (Table 1) , is not sufficient to account for the effect of trypsin-treated fragment. And trypsin does not appear to be generating ACTH-(1-39) from some larger, inactive precursor contaminant, because stimulation of steroidogenesis by digest in the absence of added ACTH is marginal.
At concentrations of ACTH provoking a near-maximal steroidogenic response, the synergism of 16k fragment, both with and without trypsin treatment, gives way to an apparent partial antagonism. This is also observed with f3-LPH and the melanotropins (Table 1 ). Common to all of these peptides is an amino acid sequence of MSH-like homology that, in the case of 16k fragment, has been designated y-MSH (6) . fl-Endorphin lacks such a sequence and fails to elicit this behavior. One explanation for this phenomenon might be an aggregation of ACTH at higher concentrations with MSH peptides. Alternatively, some complex interaction with cell receptors could be implicated.
Results of the experiments with hypophysectomized rats affirm the relevance of the in vitro effect of trypsin treated 16k fragment in vivo. When given alone, neither 5 ng of intact 16k fragment nor its trypsin digest stimulates cholesterol side-chain cleavage activity or increases serum corticosterone concentration. The levels of both are appropriately elevated by either of two submaximal doses (1 and 10 ng) of ACTH-(1-24). Conversely, some product(s) of trypsin-treated 16k fragment enhances cholesterol ester hydrolase activity; ACTH-(1-24) has no effect on this enzyme, as previously reported (7) . The active 16k fragment derivative therefore exerts its influence on the rat adrenal cortex in a manner that can be qualitatively distinguished from the effects of ACTH. When both trypsintreated 16k fragment and ACTH- are given together, the result is a simultaneous stimulation of both enzyme activities and a significant (P < 0.01) synergistic increase in serum corticosterone. The stimulation of cholesterol ester hydrolase under these conditions compares favorably with the increases we have reported (7) for the intact rat after needle-injection stress. These data suggest that some tryptic product of 16k fragment mediates an increase in the amount of substrate available for ACTH-stimulated adrenal steroid biosynthesis. That (35) .
